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T magine wdking around in your backyard and
I

I suddenly Otrcrrertg a vein of gold in a comer you

thought you knw wdt Or irn^gine howJed Clampen of

the Beverly Hilbillhs fth u/hen oil stated bubbling up

through the grud. A Smilar sensation of incredulous

excitement sq/ept (iler fre sdid-state physics community

in the early u/€dns d ZI)1, qrtren researchers announced

that magnesiun diboride (MgB2) superconducts -

conducts electicf;y wfhf rcsistaJrce - at temperatures

approaching 40 kelr:c.

This simple orym lnd been sflrdied in the 1950s

and had been m tb sbelves in some laboratories for

various mundane tr[pces for decades, with no one

suspecting its enormously valuable hidden talent.

Although 40 K (q 433 degrees Celsius) may sound

rather low, it was nearly double the record for

compounds made of mffils (about 23 K for niobium-

based alloys, urhich are widely used in research and

industry). A transition temperature that high can be

achieved by tefucilogies that cost much less than those

needed to bring abotr ctivity in the niobium

alloys. Possible applications include superconducting

magnets and power lhes.

Unlike high-temperature superconductors (copper

oxide materials that superconduct at temperatures

as high as l3O K), MgB2 s€€rrrs to be a traditional

superconductor, albeit a novel vairarltr-. In their decades-

long quest for superconductors with ever higher

transition temperanres, physicists had developed rules of

thumb what kind of combinations of elements

El 59 zlH4zl e gu 9lq.a ̂ J4fl€ +4
:X. q;.{ 4}z}zr +Eg tsaq+ ag +ffi*
zt # Beverly Flillbillies{lrl 4$zt B.ll^l +"}
4zl rlzlEl{Jed Clampett9 zl€ol ol$€xl ,tJ4

4tsi+. 2001H aHI r4Eqal4lzt ole+ +^l* E
4 qqgcE.E €+4l"ll +aEql, ule$r1z1Eo1
40K t{qld z16} Sol dzlTl o-etsMsBz =dE
4lEgsfl€ aol4.

ol E++ *c+g 1e5oHqlql €+q g4"J +d
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23K)ql Hl6lts 4E + ullel fzlol+. qe+ EH:el

adE€tg golzlE ql ge+ atrq €d ul*ol

44 E= 7\€e:"89 *g 4o19=E gg +

91c}. ++ zlgo d ql= adE^14J4 d{dol4.

lgads-^ll (13oKe+ ae * gEql^l adE

€tlg -u-olb +44!q€)9+ g;1 MgB2b 4=. 4
gg ffiola 4zl"J ld4"J adF4q] 4-o e E

.Jq. +d ,Jql Ai^l q te dolgs€ *= ad

E4l= *e r+4qlrJ E44zl-E=€ q€ ++el g4

# aqlql B 4qlzlql 4oll 9zl€zlet 849 zllts

6IR't g,€olztB Etg Eel+4€e ad4"J ad

E4l7l Tlgo*.4{l{ol$=.z} 23K =4"J ass ^8

4fl.trt. :flrll $*rllE MgB2ts oleloJ Bzlql qe

zl t*aq *€gs."ll 4t*qg+qE*.r+.
MgB2E olqld+ +E= EB,ll +7llL+. Tokvo

ql 971+ Aoyama Gakuin 4+E Jun Akimitsui

2001H 19 ++q 99'J -egqrl : tsdg gsiH,

tr1. + pol zlulzlE dql ulffi=l$alE €ql + El

elql^J ol +4lql .]|6il E 1o0z}l$ 2+^14 ts*21 g

fl1, 70zi ol^JE €TEEol 
-arxiv.org9 preprint

archive"oll {x}$.r.lE ,ll4lqfl4. olBril e}C+ $

59 6Hl g ql= 9 zlzl ol*zt 9+. a4le, *H
g gE tlql4 o e +++ MgB2E "JE= 4e 4

++6lr+. E4, zoottroll *dEeE4ElElzl oll

ullgr+ q "Jq{-9.e..r'le 9€9q 994. ol F z|

zl eoJol *g 3ol9s€ 4= 4lEa +++ adE

4ql q+ Tlqe+ Aql6lq 4++ zl4 4gg *'�ll
q9q.

"Jzlel +E
i'l+q Akimitsug ge^4g +Fel d4qlge

"Jqa+. €f tsEol4 dzl-Erle € aoJE E+g

+ s.fl't. gsTl99 zl qa +ql f azlol *4 :-

Eql dBqgg'l +rl= "J€E e# 441 q9.

44444. an+EE ol l-zlla4g "J= + ",]gttv (dHlql

9lb MgBZ= r+41 +++ vt*Hzt oltJQ.) 40K

=ilql^J q-g a{E.€tol 9"lBzt? (qlg]4str +
e- 4olgEE zlzlt- 9la += g+zl€ol Hl+g +

to try. In addition, many suspected that 23 K was close to

the maximum transition temperature possible for a

tradidonal superconductor. To their gfe t surprise, MgBz

defied these rules and blew away the barrier to higher

temperatures.

The speed with which understanding of MgBz grew

was absolutely amazing.Jun Akimitsu of Aoyama Gakuin

university in Tokyo announced the discovery at a

meeting in mid-January 2o07,Just two months later about

100 two-minute talks on the topic were presented at the

American Physical society's annual March meeting, and

more than 70 research papers had been electronically

posted on the arxiv.org preprint archive. This burst of

activity happened for a few reasons' First, once you

figure out how, it is fairly simple to make relatively pure

MgBz. Second, in 2001 the condensed-matter physics

community was more wired together by the Intemet than

ever before. These tvro ingredients, combined with the

promise of a new, simple superconductor with a high

transition temperature, formed an explosive intellectual

mixture.

Confirming the DiscoverY

at first, news of Akimitsu'S announcement spread only

by word of mouth and e-mail. No research paper or

electronic draft was available. When the news reached

our group a few days aftet the meeting, we asked a

series of questions: Can we make high-purity, solid

pieces of this stuffi (On the shelf, MgBz is a not so pure

powder.) Does it really superconduct near 40 Ie (There

had been almost two decades'  worth of  Usos, or

..unidentified superconducting objects" - compounds

reported to have except ional ly high transi t ion

temperatures that other researchers could not replicate')

I f  MgBT does  superconduct ,  can  we uncover  the

mechanism of its superconductivity? And finally, can we

delineate some

Happily for one

of this compound's basic properties?

and all, the answer to each of these
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SHH qICEe. 4E 2otrZl "ol4?l adE4l"
(uso)E^l ) zltlzl ilb aolq.M#z7l adEd

tr-g tr.JtrlB raE adE ql4q# €B61lE +

fl$ 4"Jzl?:aqr nlxluJc-tr ol EIdEE HH zl

EZJ.J Cag la lg i ",]e=vl? +q^BrllE ol E-

EE*q'll*Beql^94.
Akimitsuzl gaiR4= A+e-g +4e+ trlE €

+r# +ts161ts^JE +++ ^lzlg 4rll q fl+. +
E1 He++qlCEE EEzl =dg €+6}ts EJI d+
6ll. gl$.=Ell r- 4 lg EzF txl zl=ql €+l6l'J d
7lE= tr+ El+r. MgB2E "J5qr Lq47l ^14

*tr}.

{}cgg E}s= ae 4+q= qq+ 'Jolfl+.

r/*& F zl-zl4 r oltr-E #4fl+e ol+qTl +
4t (intermetallic) ElCEel 4lol4. ++71 qlCE

g "JE= zl+ +++ HlHe g4$$,*41 *olzl
"J 61ts 9Eull ol a+= Ezle" 9],4. eI+6lH F g

azl oll* +c +b f;, u|:ull# 650coll. -H-E*
2000C-H.4 +g $ifi$ zlz]1t- glzl ollEol4. "t

rql€+ 1100c Hls +lq^J #71 qlEql l]}fql+g
'*CEol €C9zl dq +g61lr{fl+. 441 uloll.{ tr_

F Elrql+g E4 C*qlrJ tsotzl ttlfl+.

:1+zl"J u|:zr{lf,ol =" Bdlt Ag 4E *89 xll

^li&+. trtrql+ ?++ ^=+E z|g -HEg E9CE

+BE *zl{l Bq +6}r I'}rql+g +41 6Plql=

=+6lzl"J #zl g+E+ 6l+ gE (zl€, 950"c)ql +
ot+fl+. Elrql+g tr-qJ4 oe *9 6zloJ9 zlxl

r llbrll l]lrql+ +714 3Bq 1ol 950cq^J .lal

++r+ €€g *zl6.J4. *4zl * zl4= ol s+ +
zlzl t;ll -E-E +s E. q416il EqTl^J MsBz g9!g
"J=q4= 4,o14. +d6lE^lE ?+6141 ztlzjE
ol r+€g 4a Eql€qqe+ ae € ag6Fil ̂ ag
gql BEile. € ol? r+Eel MgB2E ".!5qH+.

r aE€ =gzl 3g"Jq ol g9lg o.bE=140K =i]
ql^J adE€tlgq.Je+ gfl+.

MgB2E zll4s elE 4"Jzl :z7lr r4ol adE

4lqlzlE q-"J6Pl +lql^J +s-9 +soJ eEg 4oI
gI4. r4g 4*ol BCSoIE (^ilBE tsdzlg €g

questions was yes.

The rumor of Akimitsu's discovery started a franttc and

wonderful time for us and for other research groups. Our

team specializes in srudying the physical properties of

metallic compounds, so as soon as we heard about ttre

report, we emptied all of our furnaces of existing

experiments and started trying to produce MgB2.

Making the compound was a tricly business initially. It

is an example of an intermetallic compound, one made

of two or more metallic elements. The simplest way of

making intermetallic compounds - by just melting the

elements together - was not possible in this case, because

the two elements have very different melting points: 550

degrees C for magnesium and higher than 2,000 degrees

C for boron. Because magnesium boils at just over 1,100

degrees C, the magnesium would evaporate before the

compound could form, or, in the vernacular, the

magnesium would grow legs and walk away.

But the vaporization of magnesium suggested an

alternative method: we could seal a piece of magnesium

and some powdered boron inside a tantalum vessel,

which is inert, and subject them to a temperature high

enough to melt but not to boil the magnesium (say, 950

degrees C). Magnesium has a relatively high vapor

pressure - indeed, one third of an atmosphere of

magnesium vapor exists in equilibrium with the liquid

metal at 950 degrees C. \7e expected that this dense

vapor would diffuse into the solid boron, producing

pellets of MgB2. Sure enough, we found that in as little as

two hours this process produced very high purity MgBz

in the form of a loosely sintered pellet (like sandstone).

\(iithin three days of hearing the rumors, we had made

these pellets and were able to confirm superconductivity

at near 40 K.

Having figured out how to make MgBz and confirmed

that it is a superconductor, we asked the next burning

question: STas it an old-fashioned superconductor whose

behavior could be explained by a long-established theory
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elolol E!=71
MgBz9 Ed-E€01 gEE ^l 2+ Ll|oll +al= ol tsal.B

AdEillel slolol a4S trJE= gflgll 11{6;| 19161 LJtrI.

MgB2b dr l E 1 ,000E011^j + ^lZ Llloll nlrHlf =71=

E^el HJt^lz trJ= + gl=rjl, E!^ts ++l 930il^l EE.

L1l* €71= Eof=oll: zlggil^1 84ts l{oe tr:

q eEq MgB2z[ Eq. nl|+ GEt g7l =0ll ?,t= El= 4E

^l7l = 45zlE EolEolr. ?lrlz Ad6l| Hr[. ol 4Be

+ EEIEI ZoLe € + ?l= Ea c*oilE 4Eq=ql, ol

54d*E xlE 0.1-0.3mme.l EalfllEEe.E 4 q fr+.

olal =+E elolol 443 MsB29 E€4?l Eal4 =€

- +€6lE 7|4E E70ll oflg ff-o|trl. olalEt elolq

^lr ?l= E€E =i7[7l -JsEtrjl, ad_Edol ̂ l-aE e+
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rl= a= grldFil Erl. 4trEt H7l|= oFlTl^l u=^l =
6lr. ?ltl.

cl gHJEioe ".J01 l 0l= stolol -sr€oll= "Ftr 
+ E

"J"olab gHol ?lrl. 0l gHg FE ?toll tr|+q eEilel
nl=Hlfal 84', + E"J eEl|el MgB2E =r FE= el

olof Egeo.E Salr LIAJ rdl+6= ?,t41 t=7 | g.16l| r

elolol Ee]|e Efolutllz HJ- ^lzl71Ll e+olol= 7lg'J4^l

7l= ,j.{0l|tr1. 0l HJEoe +d ElEloll,(.l +E4 0lEloll oleE

E7 ^lE= U=olhlrl.

MgBrTf Hlr'4 l|le8 EEEiil?lE1lE E+61r, TlgE

3 0l= gol^lalir. ra= SgEl ^l7la1u 6lr ?lq. q|E

ErlE Diboride ConductorsLl Hyper Tech Research
,Jol 4tg a^lE-3 MgBz elololel +:d E€E€ "JE:r

r d# BAt ̂ l7l=Ell iEE *#:r ?la, E^' -Jal-Ele

= trJE=EJl dEzl+E Tlxla_ ?lb speciatty MateriatrJ

= = El^lE MsBz SEEtoll +lol=j1 9trf.

EElu]=r4lA qoH ![,4el EE!= =90'il 9l= r|=ol 0.015mm9 EAE}

EaE! Cg !rq=4.
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d,=xl€ trt^J E"J)ol+ Bq= e*F.J 7+€ ol.e

_e_E €Bel + gl= 'l€ BqlE adEiiloJTl olqH

+= €EIE 4+"J7lle3+ *^l+ +al? += eel
E aol+E r7*+ Cs+ 4+4 ga"J 4o14. *
HqJ BCSadEill+H Solatzll +g dolgETl-€

B!{oF 6l+, ol EAp- €+ql ^FSg + 9lefl{

= d"Jol q r+4ql 4,o14.

H zlzl ol+ql^J q€ €*xl-==3 MsBrzl s=4
"J ecs z.t..cu4lzl otrl4l ^J4iR+. dall lg a

dsillzl19B6LJql gaB { z0Ho1 zl+E+ rEE
:a{r. dolgE= 20K =Zlql qEq 9lH'J 4o14.
ol ,'.1{_E$El q€ olEzJE=€ BCS +49 qe= q}

CEe g adEill9 zl-e"* 4a $szl30K"J 44
r 4lql*q. -r.g +q 4l+3 adEill= r +41=
gd Hq^J^l"J "lag BCS adEill+r.= ^J461

zl 9+b+.
Exll MgBz9 {r.44 o + +g dolgs +e .J4l

9E- (rc)b B+ *rcE *= ++rJ ql€+9 *
olLll= sfll€ Ae H 4, + adE tlQeel ^Jdol "ll

+q6li 4zlzl E+g++ {ol$Ez} to}tl4b 4
€ zllg4E 4o14. r+l+ upr{lf,ol+ EE q-

{E MgBz{l 5pa}rll F}e dzFB z}44fzl *s
4.

"l]+ zld4ql de 4l^= e 9€ adsillTl BCS
oJEg trte= zl "J + 9lrl. ol ol$oll,<J= 4rt 4lE
ol qC qgg 6tr !lq. 444zl4l^J +4+ oJol

gol zld ^g€ (El4aqDql E6ll rcqq*+r
rJ4olltrzl. gq E* # 5^J t]tfql^J Zl4l
olgE 4|Eo e-E ++\}tr|. BCSolEol ql+61+ Hl=

adE^llel d"l$szl 4zl d$tE d#ql Hlql6l

= 4ol+. e+.J 1L.l+ 7lE+ € e3 .Jtr-4"J E4lE

A+e+ ?ol, *3 e*el Ede ol+qd Eill= +
3 e"+E E€g ol+qd 4= F'J+ EAltr+ q

+e +B {545 zH+. u}:zuJlf,ol+ trEel qe

€.+l?lAE rFe" dlrJ += 4%lg *= gzts +cg
MgB2E "J5 + ileq olag {x} 15;5 Hs+^l

4 Ar+zlsETcE=4'J*{ "+ HoL^lA+.
-H-Eg F z]]9 "J46lr 4.fl{ c-e ̂ Jzlts t-9lg

,\lolfl,t 941

cal led BCS theory ( f rom the in i t ia ls of  i ts  three

discoverers' last names) or an example of a more exotic

type [see box on page 9i? If it was an exotic type, that

would be a profor-urcl scientific discovery. On the other

hand, if it s-as a conventional BCS superconductoq the

exceptionalll' high transition temperature would demand

an explanation. br-rt the prospects for using the material

in applications s'oulcl lx' morc encouraging.

For several reasons. some researchers thought that

MgBz was not :l stan(lercl BCS superconductor. First,

be fore  h igh- tempera tL l re  sLrperconductors  were

discovered in 1986. r\\'o clec:tcles had gone by with the

highest transition tenlperanrre sftrck at around 20 K. This

fact led some theorists to slr$lest that about 30 K was the

maximum temperatLrre possiltle for sllpercondr-rctiviry in

compolrnds that ol>ev IICS r-rrles. The hightemperature

copper oxide superconcltrctors far exceeded that limit,

but they are not thor-rgl-rt to lr BCS sr-rperconductors.

Second, MgBz's relativelv l-righ transition temperature,

or critical temperatLrre (Tc ). r-iolated one of the old rules

of thumb in the search tbr intermetallic compounds

having a higher Tc:  the more electrons that could

participate in the phase transition to the sllperconducting

state, the higher the transition temperature would be.

Neither magnesiunl nor lxrron brought particularly many

electrons to MgB?.

A very direct experimental test can tell whether a

sllperconductor is follon'ing the BCS theory. A key role in

the theory is plays6l ll' lattice vibrations. Imagine that the

hear,y positive ions of the crystal lanice are held in place

by strong springs (the chernical bonds). Excitations such

as heat manifest as r-il>rations of the ions at characteristic

frequencies. BCS tl-reory predicts that the transition

temperatllre of a sLlperconductor is proportional to the

frequency of its lattice vibrations. As is the case with

everyday objects such as wineglasses or guitar strings,

objects made from lower-mass materials have higher

characteristic frequencies than otherwise identical obiects
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made from higher-rnass materials. By using a different

isotope of rnagnesium or boron, we can make MgB2 out

of atoms of different mass, which will alter the lattice

vibration freqr-rency. which in turn should alter Tc in a

specific way.

Boron has rwo stable, naturally occurring isotopes:

boron 10 and boron 11. The simplest prediction of the

BCS model is that Tc should differ by 0.85 K for two

samples of MgB, rnade n'ith pure boron 10 and boron

11. Vith our first sintered pellets of MgB2, we discovered

a shift of 1 K. The fact that the shift in Tc was a little

larger than the simple prediction can be accofiunodated

by BCS theory - it indicates that the boron vibrations are

more important to the superconduct iv i ty than the

magnesiurn vibrations [see box on page 94).

The closeness of this sl'rift to the predicted 0.85 K

revealed that MgB2 is tnost likely a BCS sllperconductor,

albeit an extreme exart-Iple that has a much higher

transition temperatllre than any other. The predictions of

an  approx imate  30  K Lrpper  l im i t  to  BCS

superconductivity were apparently not valid. This was

good news,  becat tse  s tandard  in te rmeta l l i c  BCS

superconductors are tluch easier to work with and can

form useful wires mttch lnore readily than copper

oxide-based supercondr-tctors can. Indeed, it suddenly

dawned on ollr group that we could form MgBz wires by

simply exposing boron filarnents to magnesium vapor.

Such wires are of greater r-rse than sintered pellets for

many measllrements and for apphcations such as

magnets.

Uses of Superconduclors

although it occttrs only at very low temperatures,

superconductivity has a wide variety of present-day Llses,

as well as potential ftirure applications. Some of the most

obvious derive frotn superconductors' abiliry to carry

high cunents with no energy losses or resistive heating.

An example is superconduct ing magnets that  can
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produce magnetic fields in excess of 20 tesla (about 500

times stronger than a typical refrigerator magnet). Low-

temperature superconducting magnets such as these (and

less strong ones) are used in labs and in magnetic

resonance imaging machines in hospitals. Sales of these

magnets, crafted from niobium-based compounds and

alloys, continue to grow.

Another high-current application that has been

proposed is lossless power transmission lines, which can

carry much higher current densities than

nonsuperconducting ones. To date, researchers have

successful ly tested several  copper oxide-based

prototypes that have been cooled to near 70 K with

liquid nitrogen.

Generally speaking, to act as superconductors in

practical applications, compounds need to be cooled

substantially below their Tc, to about 0.5 to 0.7 Tc,
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because large electric currents or strong magnetic fields

destroy the superconductMty closer to Tc. Consequently,

a Tc of 20 K may imply an operating temperature of 10

K, which means that the superconductor has to be chilled

by liquid helium, a costly and somewhat dfficult option.

The applied research community is interested in MgB2

because this material can be cooled to viable operating

temperatures more easily than the lower-Tc niobium-

based alloys and compounds that are employed today.

MgBz can be cooled by liquid hydrogen or liquid neon

or by fairly cheap, closed-cycle refrigerators that can

readily reach below 20 K.

But if this vision is to become a reality, MgBz will need

to have good superconducting properties. Researchers

are paying particular aftention to the superconductor's

mixed phase, in which a magnetic field panially destroys

the superconductivity - in most real applications, the

material will be in this phase. 
'Weak 

magnetic fields do

not produce the mixed state;  the superconductor

excludes such fields from its interior and remains

superconducting. At intermediate fields, however, the

material allows the magnetic field to penetrate in the

form of small tubes of magnetic flux known as vortices.

The insides of these tubes are nonsuperconducting, but

outside of them the material remains superconducting.

This mixed phase st i l l  mani fests many of

superconductivity's useful characteristics. As the strength

of the applied magnetic field increases, the percentage of

the material occupied by the flux tubes increases until

they overlap fully, at which point the whole material is

nonsuperconduct ing.  The f ie ld strength at  which

superconductivity is lost is referred to as the upper critical

field and is a key property that determines how useful a

superconductor will be in practice.

Most applications will involve intermediate fields (the

field is strong enough to be useful but not so strong as to

destroy superconductivity altogether), so the goal

becomes maximizing the range of temperatures and
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magnet ic f ie lds in which the

superconduct ing mixed phase

survives. Temperature also plays a role

in these considerations because the

upper crit ical f ield of a supercon-

ductor varies with temperature. Just

below Tc, the upper critical field is

close to zero - that is. even the weakest

field destroys the superconductivity. At

lower temperatures the supercon-

ductivity can resist stronger fields [see

box on page 97).

Fornrnately, the upper critical field

of a mateial can be tuned by making

the compound in differing ways,

generally by adding certain impurities.

For example, when some carbon is

substituted for boron in MgB2, the

upper crit ical f ield is dramatically

improved. Our group and others have

shown that for about a 5 percent

subst i tut ion of  carbon, the upper

critical field of MgBz can be more than

doubled - a fanta.stic and important

improvement in bulk samples.

In addition, the group of David C.

Larbalest ier  at  the Universi ty of

\Tisconsin-Madison has shown that

thin films of MgB 2 have even higher

values of the upper critical field, well

above those of triniobium tin (Nb3Sn).

The thin-fi lm data present a vital

mystery: What is giving rise to the high

values? Is it small amounts of oxygen?

Is it some other element sneaking in

and doping in unknown ways? Is it

strain in the structure of the MgB2 in

the films? S7hatever the answers to
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those questions, clearly MgBz is a promising material for

superconducting magnets that can function at higher

temperatures and possibly even in higher fields than

tr in iobium t in,  which is current ly the preferred

compound for such magnets.

The second superconducting property of particular

interest for applied physics is the critical current density.

This quantity delineates the maximum amount of current

that a superconductor can carry and still maintain zero

resistance. For curent densities above the critical current

density, the vortices (the small nonsuperconducting

regions of the sample) start to slip or move. Once these

regions start moving, energy losses occur - that is, the

matenal has a nonzero resistance. To counter this effect,

the vortices can be pinned (in essence, nailed down) by

introducing the right type of defect into the

superconductor. Often the vortex pinning can be

increased by making the individual crystallites (or grains)

of the matenal smaller, thus increasing the surface area

associated with grain boundaries, where vortices get

pinned. Another method of increasing vortex pinning

involves adding microscopic inclusions of some second

material such as yttrium oxide or titanium diboride.

Currently one of the major challenges associated with

making MgBz a useful superconducting material is to

increase its critical current density at higher magnetic

fields. The crit ical current density of pure MgB2 is

comparable to that of triniobium tin at low magnetic

fields but falls off much more rapidly at higher fields.

This is not good news if the goal is to use MgB2 in

magnets, which are meant to produce a strong field. On

the other hand, in the four years since the discovery of

superconduct iv i ty in th is compound, the research

community has made considerable improvements in

critical current density, both in the low-field value and,

perhaps more important, in the higher-field values.

Research in this area is very active, and it appears that

physicists will soon make further improvements and
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achieve a better understanding of what will provrde a

good pinning site in MgBz.

Posl, Present ond Future
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research and a stark reminder that nature does not

always heed the rules of thumb we make up in our often

vain attempts to describe her. Although MgBz was known

to exist for about 50 years, it was never tested for

superconductivity, panly because it did not fit our image

of a likely intermetallic superconductor. Luckily, in the

search for new materials and properties, nature's voice

can still be heard over the din of our prejudices.

Over the past four years, humankind's understanding

of superconductivity in MgBz has evolved at breakneck

speed. 
.We 

have a clear idea of the properties of high-

purity MgBz, and we are learning how to modify the

materral so as to improve the ranges of magnetic field

and current densiry over which it can be useful. The

properties at 20 to 30 K have improved to the point that

it appears high-current-density applications, such as

magnets, can be made to operate either with cryogens

such as liquid hydrogen or liquid neon or with closed-

cycle refrigerators. Prototype coated wires and even some

initial magnets have been made, but more work is

needed to optimize the superconductor's properties and

to understand its metallurgy as well as that of possible

wire-coating materials.

On the whole, the future for MgBz looks quite

promising. Indeed, if a shift toward a hydrogen-based

economy occurs, then MgBz could truly come into its
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own. If large quantities of hydrogen are to be produced,

for example, at small pebble-bed reactors [see "Next-

Generation Nuclear Power," by James A. Iake, Ralph G.

Bennett and John F. Kotek; Scientific American, January

20021, the hydrogen will have to be transported in some

manner. One way would be through insulated, liquid-

carryrng pipes that would maintain temperatures below

hydrogen's 20 K boiling point. These pipes could

constitute the cryogenic system for lossless power cables

made of MgB2 sharing the space inside the thermal

insulation. Although such a system culrently sounds more

like science fiction than an engineering teality, it has

been proposed for serious studY.

After the discovery of the first copper oxide-based

superconductor, researchers found scores of other

superconducting copper oxides. Yet four years after the

discovery of MgB2, no other related compounds have

been found to have anomalously high Tc values. The

discovery of superconductivity in the oxides was akin to

discovering a whole new continent (with wide expanses

to be explored). The discovery of superconductivity in

MgBz, on the other hand, was more like the discovery of

an outlying island in a well-explored archipelago. \7e do

nor know if this is the final member of the chain or if yet

another surprise awaits us out there.
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